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Abstract 
In this work we study the coupling of a lightning wave with overhead shielded cables. This study allows us to deduce the currents and 
voltages induced across the ends of the cable directly. In our work, we propose to represent the electromagnetic excitation distributed 
along a cable located in a node (end or junction) generator. This approach will lead us to reduce the analysis of the coupling of an 
object illuminated by a lightning wave in a problem of an excited simultaneously by several generators disposed on all nodes of the 
cable. Currents and voltages induced on all nodes of the cable shall be deducted by simple resolution of a system of linear equations. 
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1. Introduction 
     The Induced voltages by a lightning strike on an overhead line or a telecommunications cable can cause damage, as 
well as electronic power network monitoring and control networks and transport. In addition, because of their greater 
likelihood of occurrence, the indirect lightning strike is more important cause brownouts that direct threads. This work 
aims to characterize the voltage and current surges induced by lightning wave on the lines and overhead cables after 
electromagnetic coupling. In this work we treat the coupling between the electromagnetic field of the lightning which 
expressions are given by [1] and the shielded cable and using the Taylor model [2], we derive a system of linear 
equations, which resolution allows us to deduce the electrical variables induced in each node of the cable. 
2. Formalism of coupling via the transfer impedance 
Consider a shielded cable, comprising n parallel inner conductors, located at a height h above the ground, as shown 
in Figure 1. The wire is illuminated by an external electromagnetic field. [1]. 
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Fig.. 1 Configuring a shielded multiconductor cable. 
 
2. 1. External system 
Equations coupled to the external circuit can be written: 
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where: 
       exZ , exY  are the impedance and admittance per unit length own external line; 
       )(xU ex  , Iex are respectively the voltage and current over the shield; 
    )0,()( xE(x, z)dzB- jxU ex
h
0
e
yF ³ Z                                                                                                                      (2) 
    z)dz(x,E-YxI
h
0
e
zexF  )( ³                                                                                                                                           (3) 
The solution at the end is given by the following equation [3]: 
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Where total forced functions are: 
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   Figure 2 shows the equivalent diagram of the external line excited by an external field which is represented by two 
current generators. 
 
 
 
66   Mostefa. Boumaiza and Djamel. Labed /  Energy Procedia  50 ( 2014 )  64 – 70 
 
 
> @)("exI  
Iex(0) 
Is1,ex Is2,ex 
x =0 " x  
Iex( " ) Outside the 
shielding 
ground 
 
Fig.. 2 Equivalent model of the external line excited by an external field. 
 
 
This quadrupole representation, figure 2, we can write: 
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 Comparing the two systems (4) and (7), we deduce the expressions of two current generators [1]:  
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The boundary conditions  
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2. 1. Internal system 
Equations coupled to the internal circuit may be written: 
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Where: 
 > @inZ , > @inY  Are respectively the square of order n impedance and admittance matrices linear own internal line; 
 > @ > @inin IU  ,   are complex vectors of order n voltages (total) and total current along the inner conductor. 
 )(xI ex   is the distribution of current along the cable shield. 
> @tZ  is the linear transfer impedance given by [6]. 
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With: 
Ia , Va are the current and the internal voltage respectively; 
Distributions of current )(xI ex  and voltage )(xU ex are calculated analytically as follows [1]: 
          > @ > @ W
W
W
WII d
I
U
x
I
U
x
xI
xU
F
Fx
ex
ex
ex
ex
ex
ex
 
)(
)(
 )(
)0(
)0(
 )(
)(
)(
0 »
»
»
¼
º
«
«
«
¬
ª

»
»
»
¼
º
«
«
«
¬
ª
 
»
»
»
¼
º
«
«
«
¬
ª
³                                                                                                     (14)         
     Analogously, and from the relationship (12) manner, the internal circuit can be seen as a multiconductor transmission 
line excited by a field equal to > @ )( xIZ ext  which can be conventionally represented by a four-pole characterized by the 
following relationships: 
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     Now if we want to represent the excitement of the internal line with current generators at the ends of each inner 
conductor, we have: 
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Fig. 3. Equivalent model of the internal line. 
 
In this representation, we can write: 
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Comparing the two systems (15) and (18) we deduce the expressions of current generators: 
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The boundary conditions are written: 
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     The current generators by modeling the response of a network of shielded cables illuminated by an electromagnetic 
wave are developed in two stages. The first step involves treating the external system (consisting of shields) directly 
excited by the electromagnetic wave, and the second step for the inner system excited through the transfer impedance. It 
is therefore to solve two distinct linear type [A] [X] = [B] systems. The methodology remains the same construct is 
comprises the matrix [A] and the vector [B] in each step. 
3. Results and discussions  
      We consider an aerial cable 1km long at a height of 10m above a ground finite conductivity ı s = 0.01S / m and 
illuminated by a radiated by a lightning channel of 7.5km electromagnetic wave, the point impact is considered 
symmetrical at both ends and at a distance of 50m from the cable, using the MTL model [4] for the return arc where the 
decay rate Ȝ = 2km with a typical value of v = 1.9 × 108 m / s, with the current at the base of the channel is the sum of 
two functions Heidlers [5] for the current at the base of the channel with the data in Table 1. 
 
                      Table 1. Lightning parameters. 
I01 (kA) W11 (Ps) W21 (Ps) n1 I02 (kA) W12 (Ps) W22 (Ps) n2 
10.7 0.25 2.5 2 6.5 2.1 230 2 
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Fig. 4. (a) current at the base of the channel ,(b) current at the base of the channel [7].. 
 
     The result we obtain for the current at the base of the channel is confirmed by that achieved by Nucci et al. [7]. 
As a first validation, we consider the case of a shielded cable has two layers (core shield) and three layers (core, screen 
and shielding). 
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Fig. 5: Geometry conidérée. 
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  Geometric and physical data shielded cable used are: 
x  Soul: rs = 0.45mm ; rsi = 1.475mm;ıs  = 108 S / m ; İrsi =1.8 ; ȝr= ȝri =1 
x Screen: rsc = 1.775mm; rsci = 2.475mm; ısc = 0.33.108 S / m; İrsci = 1; ȝr= ȝri = 1            
x Shielding: rsh = 2.775mm; rshi = 3.475mm; ısh =0.33.108S / m; İrshi = 1; ȝr= ȝri = 1 
x  
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Fig. 6. (a) voltages induced at the extremity A, (b) induced current at the extremity A.. 
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Fig. 7. (a) voltages induced at the extremity A, (b) induced current at the extremity A.. 
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Fig.8.  (a) potential difference at the extremity A for two layers, (b) potential difference at the extremity A for three layers . 
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     The results we get, highlight the current variation over souls ( inner layer ) respectively for a cable with two layers and 
three layers, clearly show a cable with conductive screen is better protected , in effect on the current the soul of the latter 
is much lower than that of a cable with two layers ( ie without display). This important observation is confirmed by the 
attenuation of electromagnetic waves in conducting media with distance. Another result is also very important that we get 
for the current on the shield , the shield currents are almost the same , which is consistent with the approach of the 
transfer impedance [7] which allows us to assert that the coupling of the electromagnetic wave with the external system 
(shield-ground ) is independent of the internal system ( soul - shielding). 
The two remarks: 
x Reduction of current on a cable core three layers. 
x The non-dependency of the current on the shield (last layer) of the layer number of the cable. Allow us to confirm 
the validity of our model. 
4. Conclusion 
     This work is processed for the purpose of coupling a lightning wave with an overhead cable. For the classic method 
poses a problem associated with cumbersome digital spatial discretization and the inclusion of electrical conditions at the 
ends and at the junctions nodes. The formalism that we propose overcomes the spatial discretization taking into account 
the electromagnetic assault along each conductor and the electrical conditions at the ends. The particular interest of this 
formalism is that it allows us to deduce the generating voltages induced across the ends of a meshed network directly. 
This advantage makes it possible to then study the effect of a disturbance on indirect electrical devices in a mesh 
network. This formalism has a certain advantage in terms of computation time view. 
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